The ability of human immunodeficiency virus strain MN (HIV MN ), a T-cell line-adapted strain of HIV, and X4 and R5 primary isolates to bind to various cell types was investigated. In general, HIV MN bound to cells at higher levels than did the primary isolates. Virus bound to both CD4-positive (CD4 
Human immunodeficiency virus type 1 (HIV-1) is known to infect T cells by a sequence of events including binding of gp120 to CD4 and chemokine receptors, membrane fusion, reverse transcription, and integration. Four forms of infectious virus particles have been shown to be present in vivo, and all could be important for infection of CD4 ϩ target cells. These forms include cell-associated virus, cell-free virus, immunecomplexed virus, and cell-bound virus. During HIV replication, progeny virions assemble and bud from the surface of infected cells. The assembling and budding virus on the surface of infected cells is generally referred to as cell-associated virus and has been shown to be highly infectious to neighboring target cells (2, 33) . Transmission of cell-associated virus to target cells can be Ͼ100 times more efficient than that of cell-free virus (2, 4) . Virus released from infected cells is considered cell free and can reach high levels (Ͼ10 6 RNA copies/ ml) in blood (6) . The cell-free virus half-life in plasma is less than 110 min, but the exact turnover mechanism(s) remains poorly understood (31) . Several studies have shown that a portion of the cell-free virus exists as immune complexes (HIV IC) resulting from binding of specific antibody and/or complement deposition on the virion surface (7, 22, 24, 36, 37) .
HIV may also bind to CD4-negative (CD4 Ϫ ) cells in vivo, which we refer to as cell-bound virus. While binding of HIV to CD4 Ϫ cells has been studied less than virus binding to CD4-positive (CD4 ϩ ) cells, several CD4 Ϫ cell lines and primary cell types have been shown to bind HIV even though they do not become infected. Mondor et al. demonstrated that the amount of HIV binding to CD4 Ϫ HeLa cells was equivalent to that of virus binding to HeLa cells that express high levels of CD4 (23) . Fujiwara et al. demonstrated that isolated follicular dendritic cells (FDC) capture HIV that is not in immune complexes but do not become infected (11) . Erythrocytes from some individuals are reported to bind HIV through the Duffy antigen receptor for chemokines (19) . Binding of HIV to CD4 Ϫ cells could have functional consequences such as induction of signals in cells or induction of apoptosis. Also, since most CD4
Ϫ cells do not support virus replication, some have speculated that HIV binding to uninfectable cells could provide a mechanism for clearance of virus from circulation (23) .
Alternatively, several studies have demonstrated that virus bound to the surface of cells remains infectious for T cells. Thus, HIV IC bound to FDC can infect T cells (11) even in the presence of neutralizing antibody (13) . A non-syncytium-inducing strain of HIV bound to erythrocytes through the Duffy antigen receptor for chemokines was shown to infect peripheral blood mononuclear cells (PBMC) (19) . Infection of T cells with HIV IC bound to B cells was 10-to 100-fold more efficient than cell-free virus infection of T cells (15, 16) . The mechanism of infection of T cells by virus bound to CD4 Ϫ cells may vary depending on the cell type but could represent an important pathway of HIV infection in vivo.
The goal of the current study was to determine if HIV binds to CD4
Ϫ primary cells and cell lines. Furthermore, we determined if virus bound to CD4 Ϫ cells can infect CD4 ϩ T lymphocytes and investigated the mechanism of infection.
eases, National Institutes of Health, from Maurice Gately, Hoffman-La Roche, Inc. (20) . Erythrocytes were collected from the bottom layer of the density gradients and washed twice with phosphate-buffered saline.
Neutrophils were isolated from healthy donors by Ficoll-Hypaque centrifugation. The bottom layer was collected, and erythrocytes were lysed by three treatments with ice-cold deionized water, followed by treatment with 2ϫ Hanks balanced salt solution containing 5 mM HEPES buffer (Gibco BRL, Grand Island, N.Y.). To isolate platelets, blood was drawn in acid-citrate-phosphatedextrose anticoagulant (Biowhittaker) and centrifuged at 400 ϫ g. The plasma fraction containing platelets was centrifuged (800 ϫ g), washed twice with acidcitrate-phosphate-dextrose in 0.85% NaCl solution (1:6, vol/vol), and resuspended in 0.85% NaCl until use, when the platelets were resuspended in complete medium.
Fresh tonsil tissues were obtained from the Pathology Department of Rush Medical Center. Tonsil mononuclear cells were isolated by teasing the tissues. Cells were washed and passed through a 70-m nylon Spectra/Mesh filter (Spectrum Medical Industry, Inc., Houston, Tex.) to remove aggregated cells. CD4 ϩ T cells were positively isolated from fresh PBMC using anti-CD4 antibody-conjugated Dynabeads M-450 and CD4/CD8 DETACHaBEAD (Dynal, Oslo, Norway) in accordance with the manufacturer's protocols. After an additional positive selection of CD4 ϩ T cells, the remaining cells were used as CD4 [R5] ) were produced in PHA-stimulated PBMC as previously described (38) .
Binding of HIV to cells. To measure binding of HIV to cells, a pellet of 5 ϫ 10 6 erythrocytes or platelets or 1 ϫ 10 6 Raji cells, neutrophils, total PBMC, CD4-depleted PBMC, purified CD4 ϩ T cells, or tonsil mononuclear cells was incubated with 50 l of virus containing approximately 1,000 pg of p24 for 2 h on ice. Cells were washed to remove unbound virus and transferred to fresh tubes since some virus binding to tubes occurred during incubation. Pelleted cells were treated with 0.5% Triton X-100, and the amount of virus bound to cells was detected by p24 antigen enzyme-linked immunosorbent assay (ELISA; National Institutes of Health AIDS Vaccine Program, Frederick, Md.). To protect neutrophil-bound HIV-1 p24 from proteolytic degradation, the protease inhibitors leupeptin (2 g/ml), aprotinin (10 g/ml), and phenylmethylsulfonyl fluoride (2 mM; Sigma) were added to the Triton X-100 solution. Tonsil-derived cells and PBMC were gamma irradiated with 5,000 rads before being used in HIV binding and replication experiments.
For some virus binding experiments, pelleted Raji cells were first fixed in a 0.5% formaldehyde solution for 10 min at room temperature. Cells were washed four times with serum-free medium, resuspended in complete medium, and then incubated with virus. for an additional 6 days and collected on day 7. The total volume for all experiments was 500 l. HIV-1 replication was assessed by measuring the p24 antigen in culture supernatants. In some experiments, to assess the effects of adhesion molecules on HIV replication, anti-LFA-1␤ or anti-CD14 antibody was added at 1 g/ml to H9 cells or PHA-stimulated PBMC 20 min prior to coculture with cell-bound virus. Antibody was maintained at 1 g/ml throughout the coculture.
PCR amplification of HIV-1 DNA. Cells in cultures containing Raji cells with bound virus, H9 cells infected with cell-free virus, or H9 cells infected with Raji-bound virus were pelleted and washed. Genomic DNA was isolated using DNAzol (Molecular Research Center, Inc., Cincinnati, Ohio). DNA from approximately 40,000 cells (10 l) was amplified by PCR using primers SK38 (forward, 5Ј-ATA ATC CAC CTA TCC CAG TAG GAG AAA T-3Ј) and SK39 (reverse, 5Ј-TTT GGT CCT TGT CTT ATG TCC AGA ATG C-3Ј) (Integrated DNA Technologies, Inc., Coralville, Iowa), which amplify a 115-bp region of HIV-1 gag DNA (18, 27) . DNA dilutions from 8E5/LAV cells were used as standards. The PCRs were performed in a Perkin-Elmer (Norwalk, Conn.) 2400 automated thermocycler. The total reaction volume was 100 l and consisted of 1ϫ PCR buffer (200 mM Tris-HCl, 500 mM KCl, pH 9.3) containing final concentrations of 1.5 mM MgCl 2 , 0.2 mM deoxynucleoside triphosphates, 0.5 M each primer, and 2.5 U of Taq polymerase (Gibco BRL Life Technologies, Gaithersburg, Md.). The thermocycle profile consisted of 30 cycles of denaturation at 95°C, annealing at 55°C, and extension at 72°C (30 s each). In addition, a 5-min hold denaturing step was added to the beginning and a 5-min hold extension step was added to the end. Amplified products were analyzed on a 2% agarose gel (Ultrapure; Gibco BRL Life Technologies). After ethidium bromide staining, amplified DNA was visualized by UV fluorescence.
RESULTS

CD4
؊ cells bind HIV-1. Studies were performed to determine if TCLA HIV MN or primary isolates of HIV could bind to CD4
Ϫ and CD4 ϩ cell lines. The amount of HIV MN binding to CD4 Ϫ Raji cells (2.6% of input, Fig. 1A ) was slightly lower but not significantly different from the amount binding to CD4 ϩ H9 T cells (3.5%; P ϭ 0.32, t test). Primary isolates of HIV also bound to both Raji and H9 cells (Fig. 1A) . The levels of X4 HIV GP and R5 HIV TH binding to Raji and H9 cells were similar (P ϭ 0.18 for binding to Raji cells and P ϭ 0.5 for binding to H9 cells, t test), although the overall binding of primary isolates to these cells was lower than that of TCLA HIV MN (P ϭ 0.003, t test). Therefore, TCLA HIV MN and primary isolates of HIV bound to both CD4
Ϫ Raji B cells and CD4 ϩ H9 T cells. Binding of HIV to primary cells isolated from peripheral blood and tonsil tissue was also analyzed. Interestingly, CD4 Ϫ neutrophils, erythrocytes, and platelets all bound significant levels of both TCLA and primary isolates of HIV (Fig. 1A) . Tonsil mononuclear cells consisting of approximately 60% B lymphocytes and 40% T lymphocytes also bound both TCLA and primary isolates of HIV. The amount of virus binding to PBMC was greater than that binding to the other primary cell types tested (P Ͻ 0.001 for both HIV TH and HIV GP , t test). The percentages of HIV MN , HIV TH , and HIV GP binding to PBMC were 7.7, 5.2, and 5.8%, respectively. Stimulation of PBMC with PHA for 2 days did not significantly change virus binding. The binding of HIV MN was consistently higher than binding of primary isolates for all of the cells tested (P Ͻ 0.001, t test). Although primary isolate binding varied depending on the cell type, there was no significant difference between HIV GP and HIV TH in binding to cells (P ϭ 0.06, paired t test).
Since HIV bound at higher levels to PBMC, we determined whether the CD4-depleted fraction of PBMC could also bind HIV. PBMC depleted of CD4 cells by magnetic bead separation (99% CD4 Ϫ ) had levels of virus binding essentially equivalent to those of purified CD4 cells (99% CD4 ϩ ) or unseparated PBMC (Fig. 1B) . These results indicate that both TCLA and primary isolates of HIV could bind to cells independently of CD4 expression.
Cell-bound HIV efficiently infects T cells during coculture. Since HIV bound to CD4
Ϫ cells, we investigated the possibility that the cell-bound virus could infect CD4 ϩ T cells. Cell-bound virus was cultured with T cells for 7 days, and levels of replication were assessed. For comparison, T cells were infected with several dilutions of cell-free HIV. To determine if CD4 Ϫ cells were infected, the cells with bound virus were also cultured alone. When Raji cells, with 26 pg of p24 of bound virus, were cocultured with H9 cells, there was marked virus replication, resulting in 1,808 pg of p24/ml ( Fig. 2A ; Table 1 ). No virus replication was detected in cultures containing only Raji cells with bound HIV MN . In contrast, infection of H9 cells with the same concentration of cell-free virus (estimated from the curve generated by dilutions of cell-free virus) resulted in low HIV replication (Ͻ30 pg/ml). In six experiments, an average of 17-fold more virus replication was observed in H9 cells cultured with Raji cell-bound virus than in cultures with the same amount of cell-free virus (Table 1) . We also estimated that 10-fold more cell-free virus was required to produce virus replication in H9 cells similar to that observed with Raji-bound virus infection of H9 cells. These results indicated that virus bound to Raji cells is highly infectious for H9 T cells.
The ability of neutrophil-bound HIV primary isolates to infect PHA-stimulated T cells was also tested. Coculture of neutrophil cell-bound virus (9 pg of HIV TH or 7 pg of HIV GP ) with autologous PHA-stimulated PBMC resulted in HIV replication of 6,519 and 7,082 pg of p24/ml in culture supernatants ( Fig. 2B ; Table 1 ). No virus replication was detected in cultures containing only neutrophils with bound virus (Fig. 2B ). Virus replication due to neutrophil-bound HIV TH and HIV GP was nine-and sixfold greater, respectively, than infection of PBMC with the same amount of cell-free virus (Table 1) . Approximately, 12-and 7-fold more cell-free HIV TH and HIV GP , respectively, was needed to produce virus replication similar to neutrophil-bound virus infection of stimulated PBMC.
Replication of virus bound to fresh or PHA-stimulated PBMC was also assessed. Since the PBMC contain CD4 ϩ cells that could be infected and contribute to virus replication in cocultures, the PBMC were irradiated to suppress infection of these cells before virus binding. Coculture of virus bound to irradiated fresh PBMC with PHA-stimulated PBMC resulted in 10-and 8-fold higher virus replication than similar amounts of cell-free HIV GP or HIV TH , respectively (Table 1) . Only background levels of virus production were observed in cultures containing irradiated fresh PBMC with bound HIV. Virus bound to irradiated PHA-stimulated PBMC resulted in nine-and sevenfold higher virus replication than similar amounts of cell-free HIV GP and HIV TH , respectively (Table  1) . However, irradiation only partially prevented virus replication in stimulated PBMC (Table 1) . Similarly, virus bound to tonsil mononuclear cells also resulted in 9-and 12-fold increases in virus replication for HIV TH and HIV GP , respectively (Table 1) . No virus replication was observed in irradiated tonsil cells cultured alone with bound virus.
Lastly, we assessed the ability of erythrocyte-and platelet- bound HIV to infect stimulated PBMC. Although erythrocyteand platelet-bound virus was able to efficiently infect T cells, the enhancement over replication of cell-free virus was only two-to threefold (Table 1) .
Bound HIV does not productively infect CD4 ؊ Raji cells.
Culture of virus bound to CD4
Ϫ cells with T cells resulted in marked increases in virus replication over replication due to cell-free virus. Experiments were performed to determine the mechanism of the enhanced virus replication. Since some reports have shown that HIV can infect B cells, we first determined whether replication of virus in Raji cells contributed to the increased virus production. Culture of Raji cells with bound virus for 7 days resulted in only background levels of virus replication ( Fig. 2A and Table 1) , indicating little or no infection of Raji cells. Since the assay of p24 in culture supernatants may not have been sensitive enough to detect low levels of virus infection in Raji cells, we used a previously described PCR method to detect HIV DNA in cultured Raji cells (27) . While HIV DNA was detected in cocultures of Raji and H9 cells and in cultures with cell-free infection of H9 cells, no viral DNA was detected in Raji cells cultured alone with virus (Fig. 3) . Since a faint band was observed with 94 copies of integrated viral DNA per 40,000 cells (Fig. 3B) a Cells with bound virus were cultured with or without T cells. The virus replication levels were compared to cell-free infection of T cells for 7 days. In each experiment, at least three dilutions of cell-free virus were used to infect cells.
b The T cells used for cocultures or cell-free virus infection were H9 cells in the Raji cell experiments and PHA-stimulated autologous PBMC for all other cell types. For tonsil cells, the PHA-stimulated PBMC were not autologous.
c Cells with bound virus were cultured alone to determine if infection occurred.
d The infectivity ratio was calculated by dividing the number of picograms of p24 per milliliter obtained after 7 days of T-cell coculture with cell-bound virus by the number of picograms of p24 per milliliter obtained when T cells were cultured with the same amount of cell-free virus. The amount of cell-free virus infection was estimated using polynomial regression analysis of p24 production levels of three to five dilutions of cell-free virus. The results shown are the mean Ϯ the standard error of three to six experiments. of p24/ml, respectively; P ϭ 0.2, t test). To determine if virus binding could stimulate Raji cells and, in turn, stimulate virus expression in infected H9 cells, Raji cells were incubated with replication-defective HIV derived from 8E5/LAV cells before incubation with infected H9 cells. There was no increase in virus expression in the H9 cells when they were cocultured with Raji cells that had previously bound replication-defective virus ( Fig. 4A; P ϭ 0.58, t test) .
To further demonstrate that Raji cells did not produce virus or secreted molecules that enhanced HIV replication in H9 cells, we metabolically fixed the Raji cells with formaldehyde. We next bound virus to fixed Raji cells and subsequently cocultured them with H9 cells. The amount of virus binding to fixed Raji cells was similar to the amount of binding to untreated Raji cells (data not shown), and the levels of HIV replication during coculture were comparable to untreated Raji cellbound infection of H9 cells (Fig. 4B) . These results indicate that it is unlikely that a signal induced by Raji cells enhances virus replication in H9 cells.
Raji cells do not selectively bind infectious virus. Another possible mechanism that could account for enhanced virus infection in the coculture system is Raji cell binding of only infection-competent virus particles. To determine whether Raji cells bind only infectious virus, we incubated HIV MN with Raji cells to allow virus binding. Cells were pelleted, and the remaining unbound virus was successively bound to fresh Raji cells for a total of three cycles. After each cycle of binding, the cells were washed and the percentage of bound virus was determined. Each successive round of Raji cell-bound virus was cocultured with H9 cells to determine the level of virus replication. Virus binding to Raji cells was similar (2.3, 2.6, and 2.5%) for each exposure of virus to Raji cells. The fold increase in virus infection due to the first round of bound virus (100%) was similar to that due to the successive two rounds of Rajibound virus (91 and 118%), indicating that selective binding of infection-competent virus to Raji cells did not occur.
Blocking of cell-cell interactions inhibits cell-bound virus infection of T cells. We next determined whether cell-cell interaction could mediate efficient transfer of virus from CD4
Ϫ cells to T cells. Since previous studies showed that anti-LFA-1 antibody blocked HIV transfer from FDC to T cells, anti-CD18 (LFA-1␤) antibody was added to the target T cells before coculture with virus bound to Raji cells and maintained throughout the culture. At 1 g/ml, anti-LFA-1 antibody inhibited Raji-bound virus infection of H9 cells by 82% while a control antibody did not affect virus replication significantly (Table 2 ). Since incorporation of ICAM in HIV virions has been shown to enhance virus infectivity (9, 10), we also assessed the effect of anti-LFA-1 antibody treatment of T cells in cell-free virus infection. Consistent with previous studies, anti-LFA-1 antibody reduced cell-free infection of H9 cells, but by only 26% (Table 2) . To determine if cell-cell interactions also contributed to the efficient infection of primary virus bound to primary cell types, PHA-stimulated PBMC were treated with anti-LFA-1 antibody before incubation with virus bound to neutrophils or tonsil mononuclear cells. As shown in Table 2 , there was 70 to 93% inhibition of virus replication in PBMC that had been cultured in the presence of LFA-1 antibody. These experiments indicate that the interaction between cells plays an important role in transfer of virus from CD4 Ϫ cells to CD4 ϩ cells.
DISCUSSION
Our results demonstrate that TCLA HIV-1 MN and primary isolates bind to cells that lack CD4. Although CD4 is considered to be the receptor for HIV, our data showing that HIV binds to neutrophils, Raji cells, CD4
Ϫ PBMC, erythrocytes, and platelets indicate that binding of HIV can be independent of CD4. However, in CD4 ϩ cells, including T cells, CD4 may be important for virus binding. For example, Mondor et al. showed that an anti-CD4 monoclonal antibody partially blocked HIV binding to a T-cell line (23) . Receptor-independent binding of virus particles to cells has been observed for several other viruses, including vesicular stomatitis virus (34, 35) , Rous sarcoma virus (25, 29) , and murine leukemia virus ϩ HeLa cells, suggesting that the virus envelope proteins were not required for virus attachment (32) . Glycoaminoglycans, specifically, heparan sulfates (14, 23, 26, 28) , virus-incorporated adhesion molecules (9) , and recently cyclophilin A (32), have been implicated as molecules responsible for the attachment of HIV to cells, although it is not known if HIV binds to all CD4
Ϫ cells through these mechanisms.
The fact that HIV binds to a variety of cell types has significant implications. The observed binding could contribute to clearance of virus from plasma, since most of the cells in blood are CD4 Ϫ . Virus binding could also lead to CD4-independent infection, induction of signaling pathways, and even apoptosis. We compared the infectivity of cell-bound virus with that of cell-free virus and found that cell-bound virus is highly infectious for T cells. The enhanced infectivity of cell-bound virus was not due to infection of CD4 Ϫ cells, signaling, or selection of infectious particles. In contrast, anti-LFA-1 antibody significantly inhibited cell-bound virus infectivity but only marginally inhibited cell-free virus infection. Although other cell surface molecules could be important in virus transmission from cell to cell, our findings are consistent with other studies that demonstrated the importance of LFA-1 in cell-associated HIV transmission to target cells. Tsunetsugu-Yokota et al. showed that transmission of dendritic-cell (DC)-associated virus to T cells was substantially inhibited when LFA-1-ICAM-1 or LFA-3-CD2 interactions were blocked (39) . Similarly, Kacani et al. demonstrated that anti-CD18 antibody inhibited transmission of non-syncytium-inducing strains of HIV from DCs to monocyte-derived macrophages (17) . In those studies, immature DCs were more efficient than mature DCs at transferring HIV to monocyte-derived macrophages. The efficiency of virus transfer correlated with expression of ␤ 2 integrins CD11b, CD11c, and CD18.
In vivo, CD4 ϩ T cells interconvert between a nonadherent state when in circulation to an adherent cell type when in lymphoid and other tissues (5) . As CD4 ϩ cells circulate through sites of inflammation, they become adherent and bind to a variety of antigen-presenting cells (APC) and non-APC. Although the interaction of CD4 ϩ T cells with non-APC is transient (less than 30 min), this may allow virus transfer while, in contrast, antigen-dependent adhesion of cells can occur for hours to days (1, 5) . In cell culture, stimulated T lymphocytes are capable of binding tightly to non-APC (5) . When stimulated T lymphocytes bind to non-APC, the close proximity of cell membranes is likely to facilitate a much more efficient transfer of virus from the CD4 Ϫ cell to the T cell. In contrast, at low concentrations of cell-free virus, the probability that a similar number of cell-free virus particles will bind to CD4 (21) . When ICAM was expressed in these cells, the ability to bind virus was enhanced and, more importantly, the infection of permissive cells during coculture was substantially increased.
Since DCs are specialized to interact with T cells during antigen presentation, it is interesting to consider how the transfer of virus to T cells in our study compares to previous reports of DC transfer of virus to permissive cells. Several studies compared the efficiency of infection of DC-bound virus to that of cell-free virus. In those studies, enhanced infection by DCbound virus, compared to cell-free infection, was similar to that observed in our study. For example, Kacani et al. (17) showed that DC-bound virus infection of monocytes and monocytederived macrophages required 10-fold less virus than cell-free infection. Similarly, an earlier study by Tsunetsugu-Yokota et al. (39) demonstrated a 10-fold increase in virus replication over cell-free infection when T cells were infected by DCbound HIV. Similar to our findings, both of those studies demonstrated that blocking of adhesion interactions during coculture reduced virus infection. Although the studies cited above revealed an efficiency of virus transfer to permissive cells similar to that shown by our studies, there appear to be several unique differences between DCs and the cells we studied. Thus, DCs express CD4 as well as X4 and R5. In addition, recent studies reported that DCs bind and capture virus through the DC-specific type C lectin (DC-SIGN) and internalize virus (12) . Further, under some conditions, DCs become infected with HIV and therefore could cause cell-associated infection of neighboring cells, which is a mechanism of infection significantly different from the cell-bound enhancement of infection observed in our study. Furthermore, in addition to delivering virus, it is also possible that DCs can stimulate permissive cells to enhance HIV replication (17, 39) .
Interestingly, it appears that the efficiency of virus infection of T cells depends on the type of cells with bound virus. In our studies, virus bound to neutrophils and lymphocytes more efficiently infected T cells than did virus bound to platelets and erythrocytes. This suggests that some cell types, including nonnucleated erythrocytes and platelets, have less contact with T cells while other cell types express relatively higher levels of complementary adhesion and immune recognition molecules and participate in more interactions with CD4 ϩ T cells. Therefore, it stands to reason that cells with tighter cell-cell binding with CD4 ϩ T cells can transfer virus to T cells more efficiently.
Binding of HIV to CD4
Ϫ cells could be important during transmission of HIV infection. During transmission, numerous uninfected cell types could carry bound virus into the new host or cell-free virus could bind to a variety of CD4 Ϫ host cells. Additionally, cell-free virus that is transferred during transmission is more likely to come into contact with CD4 Ϫ cells since they are more predominant. For example, cell-free virus introduced into the bloodstream of an uninfected subject would most likely bind to erythrocytes, platelets, and neutrophils since Ͻ0.1% of blood cells are CD4 ϩ . Although CD4 Ϫ cells may be nonpermissive to HIV infection, our studies suggest that bound virions remain infectious to CD4 ϩ T cells. Moreover, some CD4
Ϫ cell types with bound virus could distribute virus to sites that contain activated target cells. Another implication of these findings is that plasma viremia does not accurately represent the total virus load in blood since only cell-free virus is measured. Since cell-bound virus more efficiently infects T cells, this undetected population of virus could represent a potentially important reservoir of virus in vivo.
